Abstract Large area surveys in the infrared wavelengths have revealed a significant evolution of the star formation activity of the universe in the past. The extragalactic survey we have conduced with AKARI towards the north ecliptic pole (NEP) is unique, in terms of a comprehensive wavelength coverage from 2 to 24 micron using all 9 photometric bands of the Infrared Camera (IRC). We demonstrate that this IRC all-band photometry is capable of tracing a steep rise in the flux at the blue side of the polycyclic aromatic hydrocarbon (PAH) 6.2 micron emission feature of infrared luminous galaxies at z < 1. This allows us to estimate redshifts of mid-IR sources and identify 'ultra-luminous starburst galaxies', based on mid-IR spectral energy distributions (SEDs). SPICA could inherit this unique capability of AKARI and extend the study to typical galaxy populations at z ∼ 2, i.e. a critical period of galaxy formation.
Introduction
One of the surprising results from Spitzer observations of distant ultraluminous infrared galaxies (defined with 10 12 < L IR < 10 13 L -ULIRGs) is that some ULIRGs have greater PAH emission than local galaxies of similar luminosity (e.g. Rigby et al., 2008) . Their mid-infrared spectra resemble that of more than 2 orders of magnitude less luminous starburst galaxies (Valiante et al., 2007; Pope et al., 2008; Farrah et al., 2008) . Since these galaxies have been discovered using spectroscopic observations with Spitzer/IRS, it is difficult to assess the statistical properties of these new type of ULIRGs. This is an urgent issue to be resolved.
We are currently undertaking the study of distant infrared galaxies using AKARI's new extragalactic survey towards the north ecliptic pole (NEP), which have comprehensive wavelength coverage at 2 -24 μm, filling the wavelength gap between Spitzer IRAC and MIPS. This survey has unique capability to identify a rough shape of PAH emission feature with photometric observations. Also, AGN identification using mid-infrared properties is more reliable than the case of Spitzer surveys. Here we describe some highlights from the AKARI NEP survey using these capabilities.
The NEP-Deep survey: design and performance
Owing to a strong visibility constraint of AKARI, large area surveys with pointed (hence deep) observations are possible only around the ecliptic poles. We have chosen the NEP for extragalactic surveys, given the presence of the Large Magellanic Cloud around the south ecliptic pole. The NEP area has been covered by two extragalactic surveys; the NEP-Deep and -Wide survey. This paper describes the NEP-Deep survey. All nine photometric bands in IRC have been used for both surveys to continuously cover 2 -24 μm wavelength range. Further details of the NEP-Deep survey design can be found in Wada et al. (2008) .
We summarize the survey sensitivity in Table 1 . The NEP-Deep survey reached a depth similar to the SWIRE survey with Spitzer (Lonsdale et al., 2004) , but covers Spitzer's band gap with 11, 15 and 18 μm. Deep optical (BV Ri z and NB711) images with the Subaru/Suprimecam (S-cam), reaching the limiting magnitude of B = 28 and z = 26 AB mag, are available for a part of the NEPDeep field with the area of 27 × 34 , i.e. one field-of-view of S-cam. We have ground-based near-IR (JK s ) images with KPNO-2.1m/FLAMINGOS for the S-cam field (Imai et al., 2007) , reaching K s = 19.5 in Vega magnitude. The ground-based near-IR images have higher spatial resolution (FWHM of 1.08 ) than that of IRC, and therefore quite useful to examine the source confusion in IRC images.
Number counts
Complicated emission features of PAHs affect the redshift distribution of flux limited samples from mid-infrared surveys (Caputi et al., 2006) . This has a significant effect on the MIR number counts as well. Furthermore, recent Spitzer/IRS observations of high redshift ULIRGs revealed that mid-infrared properties of high-z ULIRGs are different from local ones; a significant number of ULIRGs show prominent PAH emissions (e.g. Valiante et al., 2007; Farrah et al., 2008; Pope et al., 2008) . These PAH-emitting ULIRGs have a PAH feature similar to local starburst galaxies, even though they are over 2 orders of magnitude more luminous. This means that luminosity dependent SED templates of infrared galaxies based on local galaxies may not be applicable for high-z galaxies, even at z ∼ 1 (see below).
Thus, modeling the number counts can be complicated enough when applied to multiple mid-infrared wavelengths. We have obtained the number counts at 11, 15 and 18 μm from the NEP-Deep survey and compared with the model of Pearson (2005) which reproduce both ISO 15 μm and Spitzer 24 μm number counts. We found that this model overestimate the number of 18 μm sources by a factor of 2 (in differential counts). This indicates that, in the midinfrared wavelength range, the multi-band number counts can be useful to constrain the galaxy evolution model, SPICA joint European/Japanese Workshop 04017-p.2 even if the difference in wavelength is only ∼ 20 %. We have already built a new model to remedy this discrepancy, which will be published elsewhere (Pearson et al. in prep) .
PAH-selected galaxies
We demonstrate that PAH emission features, specifically a steep rise of flux at the blue side of PAH 6.2 μm feature, are recognizable in the SED of AKARI/IRC all-band photometry (Figure 1 ; see also Takagi et al., 2007) . Such a steep rise of flux results in very red colors in IRC bands for galaxies at certain redshift ranges. In Figure 2 , we show the 11-to-7 μm flux ratio and the 15-to-9 μm flux ratio as a function of redshift. These flux ratios have a prominent peak around z ∼ 0.5 and 1.2, owing to the PAH emission. At these redshifts, emissions from stellar photosphere dominate the flux at shorter wavelength bands, while PAH emissions dominate at the longer wavelength bands. Thus, these flux ratios can be used as a rough indicator of mass-normalized star formation rate, i.e. specific star formation rate. Since such anomalous flux ratios can be reproduced only by the PAH emission, we select galaxies with these flux ratios greater than 8 as secure candidates of starburst dominated galaxies at z > ∼ 0.5, and call them PAH-selected galaxies. In Figure 3 , we show composite optical, near-infrared and mid-infrared color images of three PAH-selected galaxies at z ∼ 0.5, showing red colors in the 7, 9, 11 μm composite image.
PAH-to-total IR luminosity relation
Spitzer spectroscopic observations have established the relation between PAH luminosity and total infrared luminosity for starburst galaxies (Brandl et al., 2006; Houck et al., 2007; Farrah et al., 2007) . In Figure 4 , we show the PAH 7.7 μm peak luminosity from Spitzer IRS observations (compiled in Weedman & Houck, 2008) against the total infrared luminosity. The local sample (z < 0.2) from Spitzer IRS observations is indicated by crosses. A straight line indicates the correlation log L IR = log[νL ν (7.7 μm)]+ 0.78 taken from Houck et al. (2007) . At the high luminosity end, L IR > ∼ 10 12 L , it is evident that the 7.7 μm luminosity saturates, probably because of the AGN contribution to the infrared luminosity and/or the absorption of 7.7 μm flux by dust.
Thanks to a good wavelength sampling of the IRC bands, we can estimate the rest-frame 8 μm luminosity with almost no K-correction. Using this capability, we estimate the 7.7 μm peak luminosity from our photometric observations. The rest-frame 8 μm luminosity is converted to the 7.7 μm peak luminosity with a correction factor of 2.0, considering the effect of filter convolutions.
We here use the sample of IRC all-band-detected sources in the Subaru/Suprime-cam field; i.e. sources detected in all 9 IRC bands. A StarBUrst SED model with Radiative Spitzer IRS local sample All-band detected starbursts PAH-selected galaxies Houck et al. (2007) Figure 4. PAH 7.7 μm peak luminosity versus total infrared luminosity. Crosses indicate spectroscopic sample at z < 0.2 taken from Weedman & Houck (2008) Transfer (SBURT; Takagi et al., 2003) is applied for this sample, in order to estimate redshift and total infrared luminosity. We used BV Riz JK and IRC photometry for the SED fitting with the same method in Takagi et al. (2007) . Examples of the SED fitting results is shown in Figure 1 . We confirmed that the estimated total infrared luminosity is reliable within ∼ 50 % by comparing predicted radio fluxes to observations of a subsample. Figure 4 shows the resulting relation between PAH 7.7 μm and total infrared luminosity of IRC all-band-detected sources. Large solid circles indicate PAH-selected galaxies, for which luminosity estimations are most reliable. ULIRGs in our sample lie mostly at z ∼ 1, and do not show saturation of 7.7 μm luminosity. This indicates that even at z ∼ 1 mid-infrared characteristics of ULIRGs are different from local ones and starburst can be more luminous at high redshifts. Weedman & Houck (2008) derive the same conclusion by compiling various Spitzer IRS spectroscopic samples. However, it is difficult to derive the number density of most luminous starburst galaxies at high redshifts from such non-uniform spectroscopic samples. Since we can identify luminous starburst galaxies from mid-infrared SED, i.e. photometric observations, thanks to comprehensive wavelength coverage, the NEPDeep survey has a unique capability of constraining the number density of most luminous starburst galaxies.
Summary
We have successfully conducted the largest extragalactic survey with AKARI/IRC pointed observations, which targets the NEP region with the area of 0.38 deg 2 (NEPDeep). We have achieved a similar depth with the Spitzer SWIRE survey, but with additional mid-infrared bands filling the Spitzer/IRAC and MIPS wavelength gap between 8 and 24 μm. Unique points of this IRC all-band photometric survey is as follows. A comprehensive wavelength coverage allows us to identify galaxies whose midinfrared emission is dominated by PAHs with photometric observations. Such galaxies, PAH-selected galaxies, can be identified with single IRC colors, such as S7 − S11 and S9W − L15. They include most luminous starburst galaxies at z ∼ 1. We estimated the PAH 7.7 μm peak luminosity from the IRC photometry and compared with the total infrared luminosity obtained with a starburst SED model. While local ULIRGs have suppressed PAH luminosity when compared with less luminous starburst galaxies, we find no such suppression for PAH-selected galaxies at z ∼ 1. This indicates that mid-infrared properties of distant ULIRGs are different from local ones, even at z ∼ 1.
